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$EVWUDFW
(PEHGGHGV\VWHPVFRQVLVWRIRQHRUPRUH SURFHVVLQJXQLWVZKLFK DUHFRPSOHWHO\ HQFDSVXODWHGE\ WKH
GHYLFHV XQGHU WKHLU FRQWURO DQG WKH\ RIWHQ KDYH VWULQJHQW WLPLQJ FRQVWUDLQWV DVVRFLDWHG ZLWK WKHLU
IXQFWLRQDO VSHFLILFDWLRQ 3UHYLRXV UHVHDUFK KDV FRQVLGHUHG WKH SHUIRUPDQFH RI GLIIHUHQW W\SHV RI WDVN
VFKHGXOLQJDOJRULWKPDQGGHYHORSHGDVVRFLDWHG WLPLQJDQDO\VLV WHFKQLTXHV IRU VXFKV\VWHPV$OWKRXJK
SUHHPSWLYHVFKHGXOLQJ WHFKQLTXHV KDYH WUDGLWLRQDOO\ EHHQ IDYRUHG UDSLG LQFUHDVHV LQSURFHVVRU VSHHGV
FRPELQHGZLWKLPSURYHGLQVLJKWVLQWRWKHEHKDYLRURIQRQSUHHPSWLYHVFKHGXOLQJWHFKQLTXHVKDYHVHHQ
DQLQFUHDVHGLQWHUHVWLQWKHLUXVHIRUUHDOWLPHDSSOLFDWLRQVVXFKDVPXOWLPHGLDDXWRPDWLRQDQGFRQWURO
+RZHYHUZKHQ QRQSUHHPSWLYH VFKHGXOLQJ WHFKQLTXHV DUH HPSOR\HG WKHUH LV D SRWHQWLDO ODFN RI HUURU
FRQILQHPHQWVKRXOGDQ\WLPLQJHUURUVRFFXULQLQGLYLGXDOVRIWZDUHWDVNV,QWKLVSDSHUWKHIRFXVLVXSRQ
DGGLQJ IDXOW WROHUDQFH LQ V\VWHPV XVLQJ QRQSUHHPSWLYH GHDGOLQHGULYHQ VFKHGXOLQJ 6FKHGXODELOLW\
FRQGLWLRQV DUH GHULYHG IRU IDXOWWROHUDQW SHULRGLF DQG VSRUDGLF WDVN VHWV H[SHULHQFLQJ ERXQGHG HUURU
DUULYDOVXQGHUQRQSUHHPSWLYHGHDGOLQHVFKHGXOLQJ$WLPLQJDQDO\VLVDOJRULWKPLVSUHVHQWHGEDVHGXSRQ
WKHVHFRQGLWLRQVDQGLWVUXQWLPHSURSHUWLHVDUHVWXGLHG&RPSXWDWLRQDOH[SHULPHQWVVKRZLWWREHKLJKO\
HIILFLHQWLQWHUPVRIUXQWLPHFRPSOH[LW\DQGFRPSHWLWLYHUDWLRZKHQFRPSDUHGWRSUHYLRXVDSSURDFKHV
.H\ZRUGV 5HDO7LPH DQG (PEHGGHG 6\VWHPV 7LPLQJ $QDO\VLV 1RQ3UHHPSWLYH 6FKHGXOLQJ
7UDQVLHQW(UURU3URWHFWLRQ)DXOW7ROHUDQFH
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VFKHGXOLQJDOJRULWKPDQGGHYHORSHGDVVRFLDWHG WLPLQJDQDO\VLV WHFKQLTXHV IRU VXFKV\VWHPV$OWKRXJK
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DUULYDOVXQGHUQRQSUHHPSWLYHGHDGOLQHVFKHGXOLQJ$WLPLQJDQDO\VLVDOJRULWKPLVSUHVHQWHGEDVHGXSRQ
WKHVHFRQGLWLRQVDQGLWVUXQWLPHSURSHUWLHVDUHVWXGLHG&RPSXWDWLRQDOH[SHULPHQWVVKRZLWWREHKLJKO\
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,QWURGXFWLRQ
0RWLYDWLRQ
5HFHQW UHVXOWV TXDQWLI\LQJ WKH RSWLPDOLW\ JDS EHWZHHQ QRQSUHHPSWLYH VFKHGXOLQJ DQG LWV SUHHPSWLYH
FRXQWHUSDUW RQ XQLSURFHVVRUV KDYH EHHQ YHU\ HQFRXUDJLQJ 8VLQJ SURFHVVRU VSHHGXS DQDO\VLV DV D
TXDQWLILFDWLRQPHWULFLWKDVEHHQVKRZQWKDWDQ\WDVNVHWZKLFKFDQEHVXFFHVVIXOO\VFKHGXOHGE\DIXOO\
SUHHPSWLYHRSWLPDOVFKHGXOLQJDOJRULWKPRQDXQLSURFHVVRUFDQDOVREHVFKHGXOHGE\LWVQRQLGOLQJQRQ
  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\
SUHHPSWLYHFRXQWHUSDUWLIWKHSURFHVVRULVVSHHGHGXSE\DIDFWRUZKLFKLVQRPRUHWKDQDVLPSOHOLQHDU
IXQFWLRQRI WKH WLPLQJ UHTXLUHPHQWV DQG LVXVXDOO\TXLWH VPDOO IRU UHDOLVWLFDSSOLFDWLRQV >@>@6LQFH
WLPLQJUHTXLUHPHQWVDUHW\SLFDOO\IL[HGE\DSSOLFDWLRQFRQVWUDLQWVDQGSURFHVVRUVSHHGVDUHPXFKIDVWHU
WKDQ RQH RU WZR GHFDGHV DJR WKLV KDV UHQHZHG LQWHUHVW LQ QRQSUHHPSWLYH DQG OLPLWHGSUHHPSWLYH
VFKHGXOLQJ RQ ORZ FRVW PLFURFRQWUROOHU DQG PLFURSURFHVVRU SODWIRUPV >@ )RU HPEHGGHG UHDOWLPH
DSSOLFDWLRQV VXFK DV PXOWLPHGLD DXWRPDWLRQ DQG FRQWURO LQFUHDVHV LQ KDUGZDUH SDUDOOHOLVP VXFK DV
PXOWLFRUHSURFHVVRUV'0$SURJUDPPDEOH$'&V'$&VDQGGHGLFDWHGFRPPXQLFDWLRQFRQWUROOHUVDOVR
IDYRU WKH XVH RI QRQSUHHPSWLYH VFKHGXOLQJ DV WKH ZRUNORDG RQ WKH KRVW &38 FDQ EH FRQVLGHUDEO\
UHGXFHG6XFKDSSOLFDWLRQVDUHWKHIRFXVRIWKLVSDSHU

7KHUHDUHVHYHUDOUHDVRQVWRLPSOHPHQWDQDSSOLFDWLRQXVLQJDQRQSUHHPSWLYHVFKHGXOHULILWLVSRVVLEOH
WR VR WKHVH LQFOXGH DQ HDVLHU FRGH LPSOHPHQWDWLRQ QR QHHG WR LPSOHPHQW FRQWH[W VZLWFKLQJ DQG
DGYDQFHGVWDFNPDQDJHPHQWORZHU&38DQGPHPRU\RYHUKHDGVH[FOXVLYHDFFHVVWRVKDUHGUHVRXUFHV
E\GHVLJQ IHZHUFDFKH SLSHOLQHUHODWHG IOXVKLQJHYHQWVDQGSRWHQWLDOO\ OHVV VXVFHSWLELOLW\ WR WUDQVLHQW
HUURUV>@,QGHHGWKHSULQFLSDODGYDQWDJHRISUHHPSWLYHVRIWZDUHDUFKLWHFWXUHVLVWKHLUFRPSDUDWLYH
IOH[LELOLW\ DURXQG WLPLQJ UHTXLUHPHQWV >@ZKLFKDVPHQWLRQHG KDV UHFHQWO\ EHHQH[SOLFLWO\TXDQWLILHG
>@$PRQJVWWKHDYDLODEOHRSWLRQVIRUQRQSUHHPSWLYHVFKHGXOLQJWKHQRQSUHHPSWLYH(DUOLHVW'HDGOLQH
)LUVWQS(')G\QDPLFSULRULW\GULYHQVFKHGXOLQJDOJRULWKPLVNQRZQWREHRSWLPDODPRQJVWWKHFODVVRI
QRQSUHHPSWLYH VFKHGXOHUV WKDW GR QRW DOORZ WKH XVH RI LQVHUWHG LGOHWLPH >@>@>@ IRU UHFHQW
GHYHORSPHQWVLQWKHDUHDRIQRQSUHHPSWLYH(')VFKHGXOLQJDOORZLQJWKHXVHRI LQVHUWHGLGOHWLPHWKH
LQWHUHVWHGUHDGHULVUHIHUUHGWR>@DQG>@7KHUHVXOWVRIUHIHUHQFHV>@DQG>@DUHGLUHFWO\DSSOLFDEOHWR
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ZLWK HIIHFWLYHO\ 2 &38
RYHUKHDGVDUHUHODWLYHO\VWUDLJKWIRUZDUGWRFUHDWH>@QS(')EHFRPHVWKHIRFXVRIWKHFXUUHQWSDSHU
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WDVNLQJ PRGH RI RSHUDWLRQ 6XFK IDLOXUHV RFFXU LQ VLWXDWLRQV ZKHQ DVVXPSWLRQV RI ILQLWH DQG NQRZQ
ZRUVWFDVHH[HFXWLRQ WLPHVDUHYLRODWHGDQGDWDVNRYHUUXQ LWVGHWHUPLQHGH[HFXWLRQ WLPHRYHUORDGLQJ
WKH &38 $OWKRXJK RYHUORDGV DUH DOVR SUREOHPDWLF LQ SUHHPSWLYH DUFKLWHFWXUHV DV $OOZRUWK >@ KDV
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

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UXQQLQJWKHV\VWHPLVQRWUHVSRQVLYHWRFKDQJHVLQWKHHQYLURQPHQW´

8QOHVVHYDVLYHDFWLRQLVWDNHQZKHQDWDVNIDLOVSURJUDPIORZZLOOQHYHUEHUHWXUQHGWRWKHVFKHGXOHU
WKH HQWLUH V\VWHPZLOO HIIHFWLYHO\ µIUHH]H¶ LQGHILQLWHO\ RU DW OHDVW XQWLO WKH SUREOHP LV FOHDUHG 6XFK D
VLWXDWLRQ LV GHSLFWHG LQ )LJXUH IRU WZR SHULRGLF WDVNV W DQG W ERWK KDYLQJ D SHULRG DQG UHODWLYH
GHDGOLQHRIPV6XSSRVLQJWKDWWDVNWIDLOVGXULQJLWVWKLUGLQYRFDWLRQDWW WKHQERWKWDVNVZLOO
PLVVWKHLUGHDGOLQHVLQGHILQLWHO\RUDWOHDVWXQWLOWKHVLWXDWLRQLVGHWHFWHGDQGUHFRYHUHG

)LJXUH7DVNIDLOXUHOHDGLQJWRDVFKHGXOHµWLPHOLQH¶EUHDN
7LPHOLQH EUHDNV VXFK DV WKDW GHSLFWHG DERYH DUH HVSHFLDOO\ SUREOHPDWLF LQ UHDOWLPH FRQWURO V\VWHPV
3K\VLFDOSURFHVVHV VXFKDVFKHPLFDO UHDFWRUVDLUFUDIW DQGQXFOHDUSRZHUSODQWDUHRSHQORRSXQVWDEOH
DQG WKH DXWRPDWLF FRQWURO RI VXFK V\VWHPV LV VDIHW\FULWLFDO LQ QDWXUH DV LQWHUUXSWLRQV RI WKH SURYLGHG
FRQWURO VHUYLFH PD\ OHDG WR KD]DUGRXV SK\VLFDO FRQGLWLRQV >@ (YHQZLWK RSHQ ORRS VWDEOH V\VWHPV
LQWHUUXSWLRQVRIFRQWUROVHUYLFHVFDQOHDGWRGHOHWHULRXVRUGHJUDGHGSHUIRUPDQFHEHFDXVHRIWKHHIIHFWRI
LQWURGXFLQJODUJHWLPHGHOD\VDQGMLWWHUVLQWKHIHHGEDFNORRS>@&RQVLGHULQJWKDWH[SHULPHQWDOVWXGLHV
HPSOR\LQJ IDXOWLQMHFWLRQKDYHUHSRUWHGWKDWDSSUR[LPDWHO\RI IDXOWV LQMHFWHG LQWRDUHSUHVHQWDWLYH
UHDOWLPH RSHUDWLQJ V\VWHP DQG LWV DSSOLFDWLRQ WDVNV UHVXOWHG LQ HLWKHU FRPSOHWH V\VWHP IDLOXUHV RU
PXOWLSOH WDVN µFUDVKHV¶ >@ DGGLQJ IDXOW WROHUDQFH LQWR QS(') ZRXOG VHHP WR EH DGYLVRU\ )DXOW
WROHUDQFH LQ WKLV FRQWH[W UHIHUV WR IDXOW GHWHFWLRQ DQG UHFRYHU\ DQG DOVR WHPSRUDO UHGXQGDQF\ LH
LQGLUHFWO\ GHWHFWLQJ D IDXOW FDXVHG E\ DQ HUURU WKURXJK LWV HIIHFW RQ WKH H[HFXWLRQ WLPH RI D WDVN
UHFRYHULQJWKHVWDWHRIWKH&38DQGDWWHPSWLQJUHH[HFXWLRQRIWKHIDLOHGWDVNDWVRPHDSSURSULDWHIXWXUH
SRLQWLQWLPH

&RQWULEXWLRQVDQGVWUXFWXUH
  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\
,QWKLVSDSHUVFKHGXODELOLW\FRQGLWLRQVWRHQVXUHWKDWDVHWRIIDXOWWROHUDQWWDVNVZKLFKFDQEHSHULRGLF
RU VSRUDGLFRUERWKXQGHUQS(') VFKHGXOLQJZLOOPHHW WKHLUGHDGOLQHVJLYHQVRPHPLOGDVVXPSWLRQV
DERXWWKHQDWXUHRIHUURUVDQGWKHLUDUULYDOUDWHZLOOEHGHYHORSHG7KHHIILFLHQF\RIIDXOWWROHUDQWQS(')
ZKHQFRPSDUHGWRRWKHUIDXOWWROHUDQWQRQSUHHPSWLYHVFKHGXOLQJPHWKRGVZLOODOVREHLQYHVWLJDWHG7KH
VSHFLILFFRQWULEXWLRQVLQFOXGHLWKHGHYHORSPHQWRIHIILFLHQWVFKHGXODELOLW\WHVWLQJFRQGLWLRQVIRUIDXOW
WROHUDQW WDVN VHWV XQGHU ERXQGHG HUURU DUULYDO UDWHV DQG LL UHVXOWV IURP D FRPSXWDWLRQDO VWXG\ZKLFK
SURYLGHDQHYDOXDWLRQRIWKHUHODWLYHHIIHFWLYHQHVVRIWKHSURSRVHGWHFKQLTXHVLQFRPSDULVRQWRSUHYLRXV
ZRUNV7KH UHPDLQGHURI WKLVSDSHU LV RUJDQL]HGDV IROORZV6HFWLRQ UHYLHZV VRPH UHOHYDQWSUHYLRXV
ZRUNLQ WKHDUHDRI IDXOW WROHUDQW UHDOWLPHVFKHGXOLQJ6HFWLRQSUHVHQWVWKHV\VWHPDQGHUURUPRGHOV
ZKLOH VHFWLRQ  GHULYHV WKH VFKHGXODELOLW\ DQDO\VLV 6HFWLRQ  SUHVHQWV WKH FRPSXWDWLRQDO VLPXODWLRQ
UHVXOWV6HFWLRQFRQFOXGHVWKHSDSHUDQGSUHVHQWVVRPHDUHDVIRUIXWXUHZRUN

5HODWHGZRUN
$ZDWFKGRJ WLPHU LV DUJXDEO\ WKH VLPSOHVW DSSURDFK IRU HUURU GHWHFWLRQ DQG FRUUHFWLRQ LQ D FRPSXWHU
V\VWHP >@+RZHYHU WKH XVH DZDWFKGRJ FDQ KDYH VHYHUDO GUDZEDFNVZLWK UHVSHFW WR D UHDOWLPH
FRQWURO V\VWHP DVRXWOLQHG LQ >@ 3UHYLRXVZRUN KDV WKHUHIRUH FRQVLGHUHGPRUH HODERUDWH HUURUIDXOW
GHWHFWLRQDQGUHFRYHU\PHDQVIRUWDVNIDLOXUHVIRUDYDULHW\RIQRQSUHHPSWLYHO\VFKHGXOHGV\VWHPVWKH
NH\UHODWHGZRUNVDUHQRZHODERUDWHG

0RVVH	0HOKDP>@FRQVLGHUDUHDOWLPHVFKHGXOHUZKLFKLVFDSDEOHRIUHFRYHULQJIURPWDVNIDLOXUHV
LQ DQ DSHULRGLF WDVN HQYLURQPHQW 7KH DXWKRUV RI >@ FRQVLGHU QS(') DORQJ ZLWK D µVXLWDEOH HUURU
GHWHFWLRQ¶ FDSDELOLW\ VXFK WKDW IDLOHG WDVNV FDQ EH GHWHFWHG DW RU EHIRUH WKH HQG RI WKHLU DOORWWHG
H[HFXWLRQ WLPHV 7KH\ SURSRVH DQ RSWLPDO VFKHGXOLQJ DOJRULWKP 6)6 ZLWK WLPH FRPSOH[LW\ WKDW LV
TXDGUDWLF LQ WKH QXPEHURIDFWLYH MREV WR UHVHUYH LGOH EDFNXS VORWV LQ WKHDSHULRGLF VFKHGXOHDW OHDVW
HYHU\¨IWLPHXQLWVWRH[HFXWHEDFNXSWDVNVVKRXOGDIDXOWRFFXU7KHDXWKRUVDOVRSURSRVHDOLQHDUWLPH
KHXULVWLF /7+ WR UHGXFH WKH RYHUKHDGV DQG GHPRQVWUDWH WKDW WKH GHJUHH RI VXERSWLPDOLW\ LV VPDOO
+RZHYHU IRUSHULRGLF FI DSHULRGLF WDVNVGHFLGLQJVFKHGXODELOLW\ EHFRPHV LQWUDFWDEOHGXH WR VWURQJ
13KDUGQHVV>@6SRUDGLFWDVNVFDQQRWEHVXSSRUWHGGLUHFWO\LQWKHVFKHGXOHU%URVWHU	%XUQV
>@FRQVLGHUVLWXDWLRQV LQZKLFKPHVVDJHVFDQ IDLOGXHWRHOHFWURPDJQHWLF LQWHUIHUHQFH LQD&RQWUROOHU
$UHD1HWZRUN&$1$&$1QHWZRUNVXSSRUWVIL[HGSULRULW\QRQSUHHPSWLYHVFKHGXOLQJRIPHVVDJHV
LQ D EURDGFDVW HQYLURQPHQW 7KH DXWKRUV SURSRVH D WHFKQLTXH WR XSSHUERXQG WKH ODWHVW WLPH WKDW D
  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\
SDUWLFXODU PHVVDJH FDQ EH VFKHGXOHG IRU UHWUDQVPLVVLRQ XVLQJ DQ HVWLPDWH RI PHVVDJH ZRUVWFDVH
UHVSRQVHWLPHV)RUQS(')UHVSRQVHWLPHV UHTXLUHFRQVLGHUDEO\PRUHHIIRUWIRUWKHLUFRPSXWDWLRQDQG
QRHTXLYDOHQWWRWKHPHWKRGKDV\HWEHHQSURSRVHG+XJKHV	3RQWKDYHSUHYLRXVO\GHVFULEHGDVLPSOH
WDVNJXDUGLDQWREHXVHGZLWK WKH77&SHULRGLFWDVNVFKHGXOHU>@77&LVDFRPSDFWIRUPRIµF\FOLF
H[HFXWLYH¶ VHH >@ RU >@ IRU IXUWKHU GHWDLOV $OWKRXJK WKH WHFKQLTXH LQ >@ JLYHV D EDVLF IRUP RI
HUURUIDXOWWROHUDQFHWKHXQGHUO\LQJVFKHGXOHU LWVHOIGRHVQRWVXSSRUWVSRUDGLFWDVNV)RUSHULRGLFWDVNV
VFKHGXODELOLW\ WHVWLQJ LQYROYHV D FKHFN DFURVV WKH OHDVW FRPPRQPXOWLSOH RI WKH WDVN SHULRGV WKDW WKH
WLPHOLQH LW LV IUHH RI RYHUORDGV 7KLV SURFHGXUH LV DJDLQ VWURQJO\13KDUG 6KRUW >@ SURSRVHG D UH
GHVLJQ RI WKH77&DSSURDFKZKLFK DOORZV IRU DQ LPSURYHG IRUPRI),)2EDVHG77& VFKHGXOHU7KLV
UHGXFHVWKHVFKHGXODELOLW\WHVWWRSVHXGRSRO\QRPLDOFRPSOH[LW\>@([SORLWLQJWKHSUHGLFWDELOLW\DQG
ODFNRILQWHUIHUHQFHLQWKHQRQSUHHPSWLYHVFKHGXOHDVLPSOHPHDQVWRGHWHFWWDVNIDLOXUHVDQGH[HFXWHD
EDFNXSWDVNLQDQQS(')VFKHGXOHUZDVSURSRVHGE\6KRUW	6KHLNK>@$OWKRXJKWKHWHFKQLTXHZDV
VXFFHVVIXOO\DSSOLHG WRFRQWURODQXQVWDEOH V\VWHP LQ WKHSUHVHQFHRIHUURUV DPDMRUGUDZEDFN LQ WKLV
ZRUN LV WKDWZRUVWFDVH QRQSUHHPSWLYH EORFNLQJZDV VLJQLILFDQWO\ LQFUHDVHG WKLV LQ WXUQ KDG D YHU\
QHJDWLYHHIIHFWRQWDVNVFKHGXODELOLW\DQGDORVVRIDFKLHYDEOH&38XWLOL]DWLRQ

2YHUORDGGHWHFWLRQDQGUHFRYHU\KDVDOVREHHQLQYHVWLJDWHGZLWKUHVSHFWWRIXOO\SUHHPSWLYHVFKHGXOLQJ
$V RXWOLQHG E\ WKH VXUYH\ SDSHU RI *DUGQHU 	 /LX >@ WKHVH WHFKQLTXHV W\SLFDOO\ UHO\ XSRQ WKH
GHWHFWLRQRIDWDVNH[FHHGLQJLWVH[HFXWLRQEXGJHWDQGWKHDSSOLFDWLRQRIFRUUHFWLYHDFWLRQ$QHIIHFWLYH
VROXWLRQ IRUSUHHPSWLYH(') OLHV LQ WKH&RQVWDQW%DQGZLGWK6HUYHU&%6 >@ZKLFK IRU WKHFDVHRI
UHDOWLPH FRQWURO V\VWHPV W\SLFDOO\ LQYROYHV WKH G\QDPLF HORQJDWLRQ RI WKH SHULRGV RI WKH RIIHQGLQJ
WDVNVWRPDLQWDLQDFRQVWDQWXWLOL]DWLRQ7KH&%6KRZHYHUFDQQRWGHDOZLWKWLPHOLQHEUHDNVVXFKDV
WKDWGHSLFWHGLQ)LJXUH$OWKRXJKHDFKRIWKHVHVFKHPHVPD\EHDSSOLHGWRDFHUWDLQH[WHQWZLWKLQWKH
IUDPHZRUN RI QS(') WR WKH NQRZOHGJH RI WKH FXUUHQW DXWKRU QR VFKHGXODELOLW\ FRQGLWLRQV IRU WKH
JHQHUDO FDVH RI IDXOWWROHUDQW QS(') VFKHGXOLQJ RI UHFXUULQJ WDVNV XQGHU ERXQGHG HUURU DUULYDOV KDV
SUHYLRXVO\EHHQGHVFULEHG7KLVLVDLPHGWREHDGGUHVVHGLQWKHQH[WVHFWLRQ

6\VWHPDQG(UURU0RGHO
  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\
6\VWHPPRGHO
/HWWKHVLQJOHSURFHVVRUWDVNV\VWHPEHUHSUHVHQWHGE\DVHW7RIQUHFXUULQJSHULRGLFVSRUDGLF WDVNV
GHQRWHGDV7 ^WW«WQ`(DFKWDVNLVSDUDPHWHUL]HGE\DWXSOH

  LLLL GFS  W  

,Q ZKLFK SL LV WKH WDVN SHULRG PLQLPXP LQWHUDUULYDO WLPH FL LV WKH ZRUVWFDVH FRPSXWDWLRQ
UHTXLUHPHQWRIWKHWDVNGLLVWKHWDVNUHODWLYHGHDGOLQH(DFKLQYRFDWLRQRIDWDVNLVFDOOHGDMRE:KHQ
D MRE RI WDVN LEHFRPHV UHDG\ DW WLPH W LWV DEVROXWH GHDGOLQH LV VHW DW WLPH W GL DQG WKH VFKHGXOLQJ
DOJRULWKPPXVW DOORFDWH FL XQLWV RI&38 WLPH WRSURFHVV WKH MRE LQ WKH LQWHUYDO >W W GLRWKHUZLVH D
GHDGOLQHPLVVZLOORFFXU -REVDUH VFKHGXOHGDFFRUGLQJ WRWKH QS(')VFKHGXOLQJSROLF\ LQZKLFK WKH
UHDG\ MREZLWK WKHHDUOLHVW DEVROXWHGHDGOLQH LV VHOHFWHGWREH UXQWR FRPSOHWLRQ7LHVEHWZHHQ UHDG\
MREVVKDULQJDFRPPRQGHDGOLQHDUHEURNHQDUELWUDULO\EXWFRQVLVWHQWO\ W\SLFDOO\E\ ORZHVWWDVNLQGH[
$Q H[HFXWLQJ MRE LV VDLG WR EH EORFNLQJ DQRWKHU MRE LI WKLV UHDG\ MRE KDV DQ HDUOLHU GHDGOLQH DQG LV
ZDLWLQJ IRU WKH FXUUHQW MRE WR FRPSOHWH EHIRUH LW FDQ H[HFXWH RQ WKH SURFHVVRU QRWH WKDW LQ D IXOO\
SUHHPSWLYHV\VWHPWKHEORFNLQJWDVNZRXOGKDYHEHHQSUHHPSWHGVXVSHQGHGSDXVHGE\WKHDUULYDORI
WKHEORFNHG MRE8QGHUWKHQS(')VFKHGXOLQJSROLF\D MREFDQEHEORFNHG LIDQGRQO\ LI LW LV LQYRNHG
VXEVHTXHQWO\WRWKHEORFNLQJMREEHLQJVHOHFWHGIRUH[HFXWLRQ

7KH XWLOL]DWLRQ RI DQ LQGLYLGXDO WDVN LV JLYHQ E\ XL FLSL DQG WKH XWLOL]DWLRQ RI WKH WDVN VHW8 6XL
6XFFHVVLYHMREDUULYDOVIURPVSRUDGLFWDVNVDUHDOZD\VVHSDUDWHGE\DWOHDVWSLXQLWVRIWLPHMREDUULYDOV
IURPSHULRGLFWDVNVDUHDOZD\VVHSDUDWHGE\H[DFWO\SLWLPHXQLWV,QWKLVSDSHUQRVSHFLILFUHODWLRQVKLSV
EHWZHHQWDVNSHULRGVDQGGHDGOLQHVDUHDVVXPHGIRUDQ\WDVNLWKHGHDGOLQHPD\EHFRQVWUDLQHGGLSL
LPSOLFLW GL  SLRU XQFRQVWUDLQHG GL! SL$ WDVN VHW LV FRQVLGHUHG WR EH VFKHGXODEOH LI DQG RQO\ LI
HYHU\ YDOLG MRE VHTXHQFH WKDW FRXOG EH JHQHUDWHG DW UXQWLPH PHHWV DOO GHDGOLQHV >@ ,Q RUGHU WR
IDFLOLWDWHVFKHGXODELOLW\DQDO\VLVWZRIXUWKHUIXQFWLRQVUHODWHGWRWKHWDVNVHWSDUDPHWHUVZLOOEHGHILQHG


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3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\

7KHTXDQWLW\KWLVWKHSURFHVVRUGHPDQGIXQFWLRQUHSUHVHQWLQJWKHZRUVWFDVHH[HFXWLRQUHTXLUHPHQWRI
MREV ZLWK UHOHDVH WLPH DQG GHDGOLQH LQ WKH LQWHUYDO > W 7KH TXDQWLW\ EW LV WKH EORFNLQJ IXQFWLRQ
UHSUHVHQWLQJWKHZRUVWFDVHEORFNLQJGXHWRQRQSUHHPSWLRQWKDWDMREPD\H[SHULHQFHLQWKHLQWHUYDO>
W6HHIRUH[DPSOHUHIHUHQFHV>@>@IRUGHWDLOVRIWKHGHULYDWLRQVRIWKHVHIXQFWLRQV
(UURUPRGHO
,QWKHFXUUHQWFRQWH[WDMREHUURUFDQEHGHILQHGDVDQLQFRUUHFWVWDWHDULVLQJGXULQJWKHFRPSXWDWLRQRID
MREDULVLQJGXHWRHOHFWURPDJQHWLFLQIHUHQFHRURWKHUGLVWXUEDQFHVDMREIDXOWLVWKHLQDELOLW\RIDMREWR
IXQFWLRQLQDFRUUHFWPDQQHUGXHWRWKHPDQLIHVWDWLRQRIDQHUURURUDVRIWZDUHGHIHFWDQGDMREIDLOXUH
LVD ORVVRIVHUYLFHZKHUHWKHUHTXLUHGFRPSXWDWLRQDOUHVXOWVFDQQRWEHGHOLYHUHGRQWLPHGXHWRIDXOWV
7KHSDSHU LVFRQFHUQHGZLWKWHPSRUDOHIIHFWVRIHUURUVDQGGHIHFWVXSRQV\VWHPWLPLQJ7KHWHUPV MRE
HUURU MRE IDXOW DQG MRE IDLOXUHZLOO EH XVHG LQWHUFKDQJHDEO\ RQ RFFDVLRQ LW VKRXOG EH WDNHQ WKDW WKLV
UHIHUV WRDMREZKLFKKDVH[FHHGHG LWVDVVXPHGZRUVWFDVHH[HFXWLRQWLPH ,QWKLVSDSHU LW LVDVVXPHG
WKDW MRE IDLOXUHVRFFXULQWHUPLWWHQWO\GXHWRWUDQVLHQWHUURUV(0,DQGRUSDUWLFOHVWULNHV$Q\WUDQVLHQW
XSVHWDIIHFWLQJ WKH&38DQG LWVFRQVWLWXHQWFRPSRQHQWVRUSHULSKHUDOGHYLFHVFDQSRWHQWLDOO\ OHDGWR
FRQWUROIORZRUGDWDHUURUVRFFXUULQJZKLFKOHDGVWRMREIDXOWVDQGIDLOXUHV±WKHVHMREOHYHOIDXOWVDQG
IDLOXUHVZLOO XOWLPDWHO\ OHDG WR WLPLQJ IDLOXUHV GHDGOLQH PLVVHV 3UHYLRXV HVWLPDWHV RI ELW FRUUXSWLRQ
SUREDELOLW\ LQDQ,&DUUDQJHIURP| WRELW IDLOXUHVSHUKRXUYDU\LQJXSRQDOWLWXGH>@2WKHU
W\SHV RI IDLOXUH PD\ DOVR RFFXU LQWHUPLWWHQWO\ SVHXGRUDQGRPO\ GXH WR LQWHUDFWLRQV EHWZHHQ VHQVRU
VLJQDOVDQGRWKHULQSXWVDQG ODWHQW VRIWZDUHGHIHFWVVHHIRUH[DPSOH>@>@7KHDUULYDORIHUURUVRU
WKHHQFRXQWHULQJRIVRIWZDUHGHIHFWVOHDGLQJWRWLPLQJIDXOWVDQGIDLOXUHVRIMREVLVWKHUHIRUHFRQVLGHUHG
VSRUDGLFLQQDWXUHLQWKHVHQVHWKDWWKHRFFXUUHQFHRIWZRFRQVHFXWLYHMREIDLOXUHVLVDOZD\VVHSDUDWHGE\
DW OHDVWSI WLPHXQLWV ,QRWKHUZRUGV VXSSRVHWKDW WKH ODVW MRE IDLOXUHDIIHFWLQJ WKHV\VWHPRFFXUUHGDW
WLPHWZLWKSUREDELOLW\ȜWKHQWKHSUREDELOLW\RIDMREIDLOXUHRFFXUULQJDWVRPHWLPHW!WLVHLWKHUȜ
LI W ± W t SI DQG ]HUR RWKHUZLVH 7KLV DVVXPSWLRQ RI SVHXGRSHULRGLF HUURU DUULYDOV OHDGLQJ WR MRE
IDLOXUHV KDV EHHQ XVHG LQ VHYHUDO SUHYLRXV ZRUNV HJ >@>@ DQG LV WKRXJKW WR JLYH D JRRG
DSSUR[LPDWLRQRIUHDOLW\

,QWKHDQDO\VLVWKDWIROORZVWKHIROORZLQJDVVXPSWLRQVDUHPDGHUHJDUGLQJWKHQDWXUHRIHUURUVMREIDXOWV
DQG IDLOXUHV DQG WKH UHVXOWLQJ EHKDYLRU RI WKH VFKHGXOHU L WKH DUULYDORFFXUUHQFH RI DQ HUURURU IDXOW
GXULQJ WKHH[HFXWLRQRID MREZLOO FDXVH LW WR IDLO LL IDLOXUHVDUHGHWHFWDEOHDWRUEHIRUH WKHHQGRID
  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\
MRE¶VH[HFXWLRQWKHMREZLOOJHQHUDWHDUXQWLPHH[FHSWLRQRUVXEVHTXHQWO\WU\WRH[FHHGLWVGHWHUPLQHG
ZRUVWFDVHH[HFXWLRQWLPHLLLDSHULRGRI ORVWFRPSXWDWLRQWLPHHTXDOWRFIWLPHXQLWV LVH[SHULHQFHG
DIWHUHYHU\ MRE IDLOXUHHJWKH WLPHWDNHQWRH[HFXWLRQRID IDXOWKDQGOHURUUHFRYHU\PHFKDQLVPDQG
LYDIDLOHG MRE LVQRW LPPHGLDWHO\UHH[HFXWHGEXW LVVLPSO\UHTXHXHG IRUH[HFXWLRQXVLQJ LWVRULJLQDO
GHDGOLQH$VVXPSWLRQLL LQWKHDERYHFDQEHHQIRUFHGE\HPSOR\LQJVXLWDEOHUXQWLPHHUURUGHWHFWLRQ
WHFKQLTXHVHJ>@>@+RZHYHUXQOLNHWKHPHWKRGSURSRVHGLQ >@DVVXPSWLRQLYUHTXLUHVWKDW
FRQWUROEHUHWXUQHGWRWKHQS(')VFKHGXOHUXSRQFRPSOHWLRQRIDIDXOWKDQGOHU7KLV LVYHU\EHQHILFLDO
IURP WKH SHUVSHFWLYH RI VFKHGXODELOLW\ DV ZLOO EH GHVFULEHG LQ WKH QH[W 6HFWLRQ 7KH VFKHGXODELOLW\
JXDUDQWHHVWKDWZLOOEHGHYHORSHGHQVXUHWKDWDOOMREVJHQHUDWHGE\DOOWDVNVZLOOPHHWWKHLUGHDGOLQHV LQ
DQHQYLURQPHQWLQZKLFKHUURUDUULYDOVDUHUHSHWLWLYHVSRUDGLFEXWDUHERXQGHG LQWKHVHQVHWKDWWKH\
DUH VHSDUDWHG E\ DW OHDVW SI WLPH XQLWV ,Q WKH DEVHQFH RI DQ\ HPSLULFDO GDWD RU VSHFLILF NQRZOHGJH
UHJDUGLQJWKHHUURUVHSDUDWLRQSIRQHPD\ORRNWRSUDFWLFDOJXLGHOLQHVWKDWKDYHEHHQGHYHORSHGZLWKLQ
LQGXVWU\ )RU LQGXVWULDO PHDVXUHPHQW DQG SURFHVV FRQWURO V\VWHPV (OHFWURPDJQHWLF &RPSDWLELOLW\
(0& WHVWLQJ DFFRUGLQJ WR ,(&  UHTXLUHV D V\VWHP WR EH DEOH WR WROHUDWH VKRUW EXUVWV RI
LQWHUIHUHQFHRIGXUDWLRQ|PVZLWKDUHSHWLWLRQSHULRGRIPV7KHUHIRUHVHWWLQJSI PVDQG
FI PVLQDGGLWLRQWRWKHWLPHDFWXDOO\UHTXLUHGIRUDQ\DGGLWLRQDOIDXOWUHFRYHU\PHFKDQLVPVVHHPV
DSUDFWLFDOFKRLFHIRUPRVWW\SHVRILQGXVWULDOHPEHGGHGV\VWHPV

QS(')VFKHGXODELOLW\DQDO\VLVRIIDXOWWROHUDQWWDVNVHWV
3UHOLPLQDULHV
7R LQFOXGH WKH HIIHFWVRI VSRUDGLF WDVN IDLOXUHV LQ WKH VFKHGXODELOLW\ DQDO\VLV LWPXVW EH DVVXPHG WKDW
HUURU ORDGDORQJZLWKSURFHVVRUGHPDQGDQGEORFNLQJZLOOPDQLIHVWVLPXOWDQHRXVO\ LQWKHZRUVWFDVH
PDQQHU7REHJLQWKHZRUVWFDVHVSRUDGLFIDXOWPDQLIHVWDWLRQSDWWHUQZLWKUHVSHFWWRQS(')VFKHGXOLQJ
ZLOOEHFDWHJRUL]HG$OWKRXJKLQWXLWLYHO\LWPD\VHHPWKDWWKHZRUVWFDVHVSRUDGLFIDXOWPDQLIHVWDWLRQLV
WKH VDPHDV IRU VSRUDGLF WDVNV WKH ILUVW MRE IDLOXUHRFFXUVDW W DQGVXEVHTXHQW IDLOXUHVDUULYHZLWK
PLQLPXP VHSDUDWLRQ WKLV GRHV QRW VHHP WR EH WKH FDVH DV WKH IROORZLQJ H[DPSOH ZLOO LOOXVWUDWH
&RQVLGHUWZRLPSOLFLWGHDGOLQHWDVNVW ^`DQGW ^`ZLWKSI DQGFI 7KHWDVNVDUH
VFKHGXODEOHXQGHUQS(')ZKHQQRMREIDLOXUHVRFFXUDVWKHZRUVWFDVHEORFNLQJWKDWWFDQLQGXFHXSRQ
WLV OHDYLQJHQRXJKVODFNIRUWWRPHHWVLWVGHDGOLQH&RQVLGHUWKHVLWXDWLRQLQZKLFKDQHUURU
RFFXUVDWW FDXVLQJWWRIDLOLQGLFDWHGE\µ)¶DVVKRZQLQ)LJXUHWRS:KHQWKH MREIDLOXUHLV
GHWHFWHG DW W    D VFKHGXOLQJ GHFLVLRQ LV PDGH DQG DOWKRXJK W LV UHVFKHGXOHG IRU H[HFXWLRQ WKLV
  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\
H[HFXWLRQLVVXVSHQGHGXQWLODODWHUWLPHLQGLFDWHGE\µ5¶LQWKHILJXUHDVWKDVEHFRPHDFWLYHDQGKDV
WKHHDUOLHUGHDGOLQHWVWLOOPHHWV LWVGHDGOLQH6XSSRVHQRZWKDWWKHRFFXUUHQFHRI WKH HUURU LVGHOD\HG
XQWLOW FDXVLQJWWRIDLODVVKRZQLQ)LJXUHERWWRP,QWKLVFDVHZKHQWKHIDLOXUHLVGHWHFWHGDWW
 DVFKHGXOLQJGHFLVLRQLVPDGHDQGDOWKRXJKWLVLPPHGLDWHO\UHH[HFXWHGLWQRZPLVVHVLWVGHDGOLQH
DWW 

)LJXUH,OOXVWUDWLRQWKDWDIDXOWDUULYDORFFXUULQJGXULQJEORFNLQJVLWXDWLRQVLVQRWQHFHVVDULO\WKH
ZRUVWFDVHEHKDYLRU

2EVHUYDWLRQ8QGHUQS(')FRQVLGHULQJDMREZLWKDGHDGOLQHDWW GWKHQWKHZRUVWFDVHDUULYDORID
VLQJOHHUURUOHDGLQJWRDMREIDLOXUHPXVWEHGHOD\HGXQWLODWOHDVWW EGDVDIDLOHGMREZLWKGHDGOLQH!
GZLOOQRWEHHOLJLEOHIRUUHH[HFXWLRQXQGHUWKHQS(')VFKHGXOLQJSROLF\XQWLODOOMREVZLWKGHDGOLQHVDW
RUEHIRUHGKDYHEHHQVXFFHVVIXOO\H[HFXWHG4('

2EVHUYDWLRQ8QGHUQS(')FRQVLGHULQJDMREZLWKDGHDGOLQHDWW GDQGDVLQJOHHUURURFFXUVLQWKH
LQWHUYDO >EG G WKHQ WKH ZRUVWFDVH EHKDYLRU LV LQGXFHG ZKHQ WKH HOLJLEOH MRE ZLWK WKH ODUJHVW
H[HFXWLRQ WLPH IDLOV8QGHU WKHQS(')VFKHGXOLQJSROLF\ MREVZKLFKDUHHOLJLEOH IRUH[HFXWLRQ LQ WKH
LQWHUYDO>EGGDUHWKRVHZKLFKDUHJHQHUDWHGE\WDVNVVDWLVI\LQJWKHUHODWLRQVKLSGLdG4('

([WHQGLQJWKLVDQDO\VLVWRWKHFDVHLQZKLFKPXOWLSOHMREIDLOXUHVPD\RFFXULQDJLYHQLQWHUYDO LVQRWD
WULYLDOPDWWHUVLQFHWKHUHDUHVLWXDWLRQVLQZKLFKWKHHIIHFWRIPXOWLSOHMREIDLOXUHVZLWKHDFKMREKDYLQJ
  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\
DVKRUWH[HFXWLRQWLPHPD\QRWQHFHVVDULO\EHDVVHYHUHDVWKHPDQLIHVWDWLRQRIRQO\DVLQJOHMREIDLOXUH
KDYLQJ D FRPSDUDWLYHO\ ORQJHU MRE H[HFXWLRQ WLPH ,Q DGGLWLRQ WKHUH DUH VLWXDWLRQV LQ ZKLFK WKH
DEVHQFH RI EORFNLQJ GXH WR QRQSUHHPSWLRQ FDQ OHDG WR ZRUVH IDLOXUH EHKDYLRUV WKDW ZLWK EORFNLQJ
SUHVHQWVXFKDFDVHPD\RFFXULIPRUHIDLOXUHVFDQEHSDFNHGLQWRWKHLQWHUYDO>GWKDQ>EGGDQG
EGLVOHVVWKDQWKHODUJHVWH[HFXWLRQWLPHRIWKHHOLJLEOHMREVLQ>EGG$QRWKHUFRPSOLFDWLQJIDFWRULV
WKDWLIDIDLOXUHLVGHWHFWHGLPPHGLDWHO\WKHQWKLVPD\KDYHWKHHIIHFWRILQVHUWLQJDSUHHPSWLRQSRLQWLQ
WKH VFKHGXOH ZKLFK PD\ UHGXFH UXQWLPH EORFNLQJ DOWKRXJK WKH ZRUVWFDVH EORFNLQJ LV FOHDUO\ QRW
HIIHFWHG $V VXFK DOWKRXJK WKH H[DFW FDWHJRUL]DWLRQ RI WKH ZRUVWFDVH EHKDYLRU FRXOG SRWHQWLDOO\ EH
REWDLQHG WKLV PD\ UHTXLUH FRQVLGHUDWLRQ RI DQ H[FHVVLYH QXPEHU RI VLWXDWLRQV DQG ZRXOG EH YHU\
GLIILFXOW WR FRPSXWH +RZHYHU LW LV UHODWLYHO\ HDV\ WR XVH WKH REVHUYDWLRQV DERYH WR FDOFXODWH D VDIH
XSSHUERXQGRQWKHZRUVWFDVHIDLOXUHZRUNORDGZKLFKLVSUHVHQWHGLQWKHIROORZLQJ/HPPD

/HPPD )ROORZLQJ D V\QFKURQRXV DUULYDO SDWWHUQ RI WDVNV DW W  IRU QS(') VFKHGXOLQJ DQ XSSHU
ERXQG RQ WKH FXPXODWLYHZRUVWFDVHZRUNORDG GXH WR IDLOHG MRE H[HFXWLRQV LQ DQ LQWHUYDO > W LQ DQ
HQYLURQPHQWZLWKDPLQLPXPHUURULQWHUDUULYDOUDWHRISILVJLYHQE\WKHIXQFWLRQIWGHILQHGEHORZ

 ¹¸
·
©¨
§ »»»
º
«««
ª 
d
`^PD[ MWGI
I
FF
S
WWI
M
 

3URRI$V WKHPLQLPXP IDXOW LQWHUDUULYDO UDWH LVSI WKH ODUJHVWQXPEHURI HUURUV WKDWPD\RFFXU LQ DQ
LQWHUYDO>WLVJLYHQE\WKHVPDOOHVWLQWHJHUWKDWLVJUHDWHUWKDQRUHTXDOWRWKHTXDQWLW\WSI,IEORFNLQJ
GXHWRQRQSUHHPSWLRQLVSUHVHQWUHH[HFXWLRQRIMREVEHIRUHWGRHVQRWQHHGWREHFRQVLGHUHGIRUHUURUV
DIIHFWLQJMREVZLWKGHDGOLQH!WDQGVLQFHLVKROGVWKDW
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
:H DOVR KDYH WKDW WKH QXPEHU RI DVVXPHG HUURU DUULYDOV LV DOZD\V JUHDWHU WKDQ RU HTXDO WR WKH DFWXDO
QXPEHU RI HUURU DUULYDOV UHJDUGOHVV RIZKHWKHU EORFNLQJ LV SUHVHQWRU QRW$V LWZDV DVVXPHG WKDW DQ
HUURUDUULYDOZLOOFDXVHWKHH[HFXWLQJMREWRIDLODQGVLQFHDQ\WDVNZLWKDUHODWLYHGHDGOLQHDWRUEHIRUHW
JHQHUDWHV MREVZKLFK DUH HOLJLEOH IRU H[HFXWLRQ LQ WKH LQWHUYDO > W WDNLQJ WKH ODUJHVW H[HFXWLRQ WLPH
  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\
DPRQJ WKRVHWDVNV VDWLVI\LQJ WKH UHODWLRQVKLSGLd WJLYHVDQXSSHUERXQGRQ WKHH[HFXWLRQ WLPHRIWKH
ODUJHVWYDOLGMREH[HFXWHGKHQFHDGGLQJWKLVYDOXHWRWKHZRUVWFDVHH[HFXWLRQWLPHRIWKHIDXOWKDQGOHU
FI JLYHV WKH ZRUVWFDVH FRPSXWDWLRQDO GHPDQG GXH WR DQ\ VLQJOH HUURU DUULYDO 7KH IXQFWLRQ IW LQ
HTXDWLRQPXOWLSOLHVWKLVXSSHUERXQGRQWKHQXPEHURIHUURUDUULYDOVDQGKHQFH MRE IDLOXUHVE\DQ
XSSHUERXQGRQWKHZRUVWFDVHFRPSXWDWLRQDOGHPDQGRIDQ\VLQJOH MREIDLOXUH LWPXVWWKHUHIRUHXSSHU
ERXQGWKHFXPXODWLYHFRPSXWDWLRQDOGHPDQGGXHWRIDLOHG MREH[HFXWLRQVUHJDUGOHVVRIWKHSUHVHQFHRU
DEVHQFHRIEORFNLQJRUWKHDFWXDODUULYDOSDWWHUQRIDQ\YDOLGVHWRIHUURUV4('

$VZLWKSURFHVVRUGHPDQGDQGEORFNLQJWKHDFWXDOUXQWLPHORDGLQGXFHGE\IDXOWVPD\EHPXFKORZHU
WKDQWKDWREWDLQHGE\WKHIXQFWLRQIWVLQFHLWUHSUHVHQWVDZRUVWFDVHYDOXH%XLOGLQJXSRQWKLV/HPPD
LWLVDOVRSRVVLEOHWRPDNHRQHIXUWKHUREVHUYDWLRQWKDWZLOOSURYHXVHIXO

2EVHUYDWLRQ 'HILQLQJ FPD[  PD[^FL`FI WKH IROORZLQJ LQHTXDOLW\ KROGV DV DQ XSSHU ERXQGRQ WKH
YDOXHRIIWWt
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
:LWKXI¶ FPD[SIEHLQJWKHXWLOL]DWLRQRIDQHTXLYDOHQWVSRUDGLFWDVNWRFDSWXUHWKHZRUVWFDVHHIIHFWVRI
MREIDLOXUHVRQWKH&38RYHULWVOLIHWLPH4('
6FKHGXODELOLW\FRQGLWLRQV
,W LVQRZSRVVLEOHWRLQFRUSRUDWHWKHHIIHFWVRIWDVNIDLOXUHV LQWRDVXIILFLHQWVFKHGXODELOLW\DQDO\VLV LQD
UHODWLYHO\VWUDLJKWIRUZDUGZD\ZKLFKLVVXPPDUL]HGLQWKH7KHRUHPDQG&RUROODU\EHORZ

7KHRUHP $ VHW RI IDXOWWROHUDQW WDVNV VFKHGXOHG XVLQJ QS(') LQ DQ HQYLURQPHQWZLWK D PLQLPXP
IDXOWLQWHUDUULYDOUDWHSIDQGIDXOWKDQGOHUH[HFXWLRQWLPHFILVVFKHGXODEOHLI

 c8  
$QG
 WWIWEWKWWGW dd  PD[PLQ  
  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\

:KHUHGPLQLVWKHVPDOOHVWUHODWLYHGHDGOLQHDPRQJWKHWDVNVKWEWDQGIWDUHDVJLYHQE\DQG
8¶ 8XI¶DQGWKHERXQGWPD[LVJLYHQE\
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
3URRI/HPPDKDVHVWDEOLVKHGWKHYDOLGLW\RIWKHXSSHUERXQGIWDQGLWLVVWUDLJKWIRUZDUGWRVHHWKDWLI
WKH VXPPDWLRQ RI WKH SURFHVVRU GHPDQG KW QRQSUHHPSWLYH EORFNLQJ EW DQG WKH XSSHU ERXQG RQ
ZRUNORDGGXHWRIDLOHGMREH[HFXWLRQVIWLVDOZD\VOHVVWKDQRUHTXDOWRWKH&38WLPHDYDLODEOHWKHQWKH
WDVNVZLOOEHVFKHGXODEOH&RQGLWLRQLVVXIILFLHQWWRHQVXUHWKDWWKH&38LVQRWRYHUORDGHGGXULQJWKH
FRXUVHRILWVOLIHWLPHLQWKHOLPLWDVWofDVZHKDYHIURPWKDWMREIDLOXUHVZLOOLQHIIHFWPDQLIHVW
DV D VSRUDGLF WDVN UHTXLULQJ D IUDFWLRQ RI WKH&38 XWLOL]DWLRQ SURSRUWLRQDO WR QRPRUH WKDQXI7KXV LW
UHPDLQVWRYHULI\WKDWQRGHDGOLQHVZLOOEHPLVVHGLQVRPHLQLWLDOSRUWLRQRIWKHVFKHGXOHXQGHUZRUVWFDVH
DVVXPSWLRQVDQGWRVKRZWKDWWKHWHVW LQWHUYDO IRUWKLVFDQEHERXQGHGE\WKHSURSRVHGYDOXHRI WPD[WR
FRPSOHWHWKHSURRI:HKDYHWKDWIRUWPD[^GLSL`LWKROGVWKDWWGLSLLDQGKHQFHW±GLSLL
,QVSHFWLQJ WKH LQGLYLGXDO WHUPVRI WKH SURFHVVRU GHPDQG IXQFWLRQ HTXDWLRQ  IRU HDFK WDVNZHKDYH
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
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3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\

:KHQ8¶DQGVRPHGHDGOLQHVZLOOEHPLVVHGWKHUHZLOOH[LVWVRPHWVXFKWKDWWKWEWIW
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$QG VLQFH FRQGLWLRQ  UHTXLUHV WKDW8¶   WKH GHQRPLQDWRU LQ HTXDWLRQ  LV QRQ]HUR7KXV LI
WKHUHH[LVWVVRPHMREGHDGOLQHDWZKLFKWKWEWIWWKLVZLOORFFXUEHIRUHWKHODUJHURIWKHYDOXH
PD[^GLSL`DQGWKHYDOXHIRUWJLYHQLQZKLFK\LHOGVWKHGHVLUHGERXQGRIWPD[DVRULJLQDOO\VWDWHG
LQWKH7KHRUHP4('

&RQGLWLRQQHHGVWREHHYDOXDWHGRQO\DWYDOXHVRIWFRUUHVSRQGLQJWRDEVROXWHMREGHDGOLQHVZLWKLQWKH
LQWHUYDO>GPLQWPD[>@,IWKH&38XWLOL]DWLRQ8¶LVERXQGHGWREHOHVVWKDQVRPHVPDOOIL[HGFRQVWDQWF
WKHZRUVWFDVHFRPSOH[LW\RIHYDOXDWLQJWKHFRQGLWLRQVRI7KHRUHPLVSVHXGRSRO\QRPLDOZLWKUXQWLPH
2QPD[^SLGL`ZKLFKIROORZVIURP7KHRUHPLQ6WDQNRYLFHWDO>@,QWKHFDVHZKHUH8¶LVH[DFWO\
HTXDOWRXQLW\WKHQWKHFRPSOH[LW\RIGHFLGLQJVFKHGXODELOLW\FDQEHFRPHH[SRQHQWLDODVWKHFRQGLWLRQRI
 LV UHTXLUHG WR EH FKHFNHG RYHU WKH OHDVW FRPPRQ PXOWLSOH OFP RI WKH WDVN SHULRGVLQWHUDUULYDOV
6LQFHIRUPDQ\UHDOZRUOGWDVNVHWVWKH&38XWLOL]DWLRQFDQEHERXQGHGEHORZWKHYDOXHRIVRPHFRQVWDQW
FORVHWRXQLW\HJF WKHVFKHGXODELOLW\WHVWFDQEHPDGHWREHYHU\HIILFLHQW,QIDFWIRULPSOLFLW
  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\
GHDGOLQHWDVNVHWVWKHFDWHJRUL]DWLRQRIWKHUXQWLPHFRPSOH[LW\FDQEHIXUWKHULPSURYHGDVZLOOQRZEH
VKRZQ

&RUROODU\,IWKH&38XWLOL]DWLRQ8¶LVERXQGHGWREHOHVVWKDQVRPHVPDOOIL[HGFRQVWDQWFDQGDOOWDVNV
KDYH GHDGOLQHV HTXDO WR WKHLU SHULRGV WKH ZRUVWFDVH FRPSOH[LW\ RI DQ DOJRULWKP WR HYDOXDWH WKH
FRQGLWLRQVRI7KHRUHPLV2Q

3URRI:KHQGL SLLHYDOXDWLRQRIWPD[UHGXFHVWR
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1RZVLQFHKGPLQEGPLQIGPLQtFPD[WKHFRQGLWLRQFPD[dGPLQ SPLQ LVQHFHVVDU\ IRUVFKHGXODELOLW\
DQGFDQHDVLO\EHFKHFNHGLQ2QVWHSVDQ\WDVNVHWIDLOLQJWKLVFRQGLWLRQFDQLPPHGLDWHO\EHIODJJHG
DV XQVFKHGXODEOH KHQFH WKLV TXDQWLW\ EHFRPHV D ORZHU ERXQGRQ WKH VPDOOHVW SHULRG RI DQ\ WDVN LQ D
VFKHGXODEOH WDVN VHW 7KXV WKHPD[LPXPQXPEHURI DEVROXWH GHDGOLQHVG¶ IRU WKH MREV JHQHUDWHG E\Q
WDVNVLQWKHLQWHUYDO>WPD[LVXSSHUERXQGHGE\

 F
Q
F
QWG dd 

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PD[
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

)RUIL[HGFQRPRUHWKDQ2QGHDGOLQHVQHHGWREHFKHFNHGDQGDVWKHHYDOXDWLRQRIWKHIXQFWLRQVKW
EWDQGIWWDNHVWLPHOLQHDULQQIRUHDFKRIWKHVHGHDGOLQHVWKHRYHUDOOSURFHGXUHUHTXLUHVQRWPRUHWKDQ
2QLWHUDWLRQV4('

  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\
(YHQLQFDVHVRIUHODWLYHO\KLJK&38XWLOL]DWLRQWKHERXQGRQWKHQXPEHURIDEVROXWHGHDGOLQHVJLYHQE\
HTXDWLRQLVXVHIXO)RUH[DPSOHZKHQF QRWPRUHWKDQQGHDGOLQHVHYHUQHHGFKHFNLQJ
7KLVLVLQFRQWUDVWWRPHWKRGVSURSRVHGE\>@DQG>@LQZKLFKHYDOXDWLRQRIVFKHGXODELOLW\VXUPRXQWV
WRFKHFNLQJRYHUWKHWDVNK\SHUSHULRG7KHIROORZLQJH[DPSOHLOOXVWUDWHVWKLVHIILFLHQF\JDLQ
,OOXVWUDWLYHH[DPSOH
7R LOOXVWUDWH WKH HIILFLHQF\ RI WKH SURSRVHG VFKHGXODELOLW\ DQDO\VLVZLWK UHVSHFW WR SUHYLRXVZRUN DQ
LOOXVWUDWLYHH[DPSOHLVJLYHQEHORZ

([DPSOH&RQVLGHUDWDVNV\VWHPFRQVLVWLQJRIWKUHHLPSOLFLWGHDGOLQHSHULRGLFWDVNVZLWKSDUDPHWHUV
W ^`W ^`DQGW ^`WREHVFKHGXOHGZLWKQS(')RSHUDWLQJ LQDQHQYLURQPHQW
ZLWKSI DQGIRUHDVHRIH[SRVLWLRQFI 

8VLQJ WKH WHFKQLTXH SURSRVHG E\ 0RVVH 	 0HOKDP >@ LW ZRXOG KDYH WR EH GHWHUPLQHG LI WKH
HTXLYDOHQWDSHULRGLFMREVJHQHUDWHGE\WKHSHULRGLFWDVNVRYHUWKHV\VWHPOLIHWLPHFDQEHDFFRPPRGDWHG
E\H[HFXWLQJWKH/7+DOJRULWKPZLWKQS(')DVWKHXQGHUO\LQJUXOHIRURUGHULQJWKHSULRULW\TXHXHIRU
HDFK DQG HYHU\ QHZ MRE RFFXUULQJ LQ / ZKLFK UHSUHVHQWV WKH SODQQLQJ F\FOH K\SHUSHULRG RI WKH
VFKHGXOH7KH OHQJWKRI/FRUUHVSRQGVWR WKH OHDVW FRPPRQPXOWLSOHRI WKHWDVNSHULRGVZKLFK LQ WKLV
FDVH LVHTXDO WRDQGWKHUHIRUH|DSSOLFDWLRQVRI/7+DUHUHTXLUHGWRYHULI\ VFKHGXODELOLW\RI
WKH WDVNV 8VLQJ WKH EDVLF 77& VFKHGXOHU WHFKQLTXH ZLWK µWDVN JXDUGLDQV¶ >@ UHTXLUHV D QXPEHU RI
FKHFNVH[DFWO\HTXDOWRWKHOHQJWKRI/WRFDUU\RXWDVFKHGXODELOLW\DQDO\VLV+RZHYHUQRWHWKDW
WKHWDVNVDUHQRWVFKHGXODEOHXVLQJWKHEDVLF77&WHFKQLTXHZLWKRXWIDXOWWROHUDQFHDVJFG 
PD[^` 

$OWHUQDWLYHO\XVLQJWKHVFKHGXODELOLW\DQDO\VLVWHFKQLTXHGHYHORSHGLQWKLV6HFWLRQLWLVILUVWGHWHUPLQHG
WKDWFPD[ DQGFRPSXWH8 DQGXI DQGKHQFH8¶ 7KLVDOORZVWKHFRPSXWDWLRQ
RI WPD[    DQG WKHUHIRUH HDFK DEVROXWH WDVN GHDGOLQH LQ WKH LQWHUYDO > @ UHTXLUHV FKHFNLQJ WR
YHULI\VFKHGXODELOLW\7KLVUHTXLUHVHYDOXDWLQJWKHIXQFWLRQVKWEWDQGIWIRUYDOXHVRIWHTXDOWR
DQG7KHVHYDOXHVDUHDVWDEXODWHGLQ7DEOH,EHORZ
7DEOH,,OOXVWUDWLRQRIWKHVFKHGXODELOLW\WHVW
W KW EW IW KWEWIW
    
  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\
    
    
    
    
    

)URP WKLV7DEOH LWPD\EHREVHUYHG WKDW WKHFRPELQHG&38ORDGKWEWIW LVDOZD\V OHVV WKDQWKH
WLPHDYDLODEOHIRULWVSURFHVVLQJDFURVVWKHUHTXLUHGWHVWLQWHUYDOWKHUHIRUHVFKHGXODELOLW\LVYHULILHGDIWHU
FKHFNLQJRQO\DEVROXWHGHDGOLQHV4('

&RPSXWDWLRQDO6WXG\
5HFDOO WKDW WKH PRWLYDWLRQ IRU WKH FXUUHQW SDSHUZDV WR GHYHORS DQ HIILFLHQW PHFKDQLVP WR DGG IDXOW
WROHUDQFH WR QS(') ZLWK HIILFLHQWO\ YHULILDEOH VFKHGXODELOLW\ FRQGLWLRQV 7KH DQDO\VLV DQG LOOXVWUDWLYH
H[DPSOHLQWKHSUHYLRXV6HFWLRQJDYHDSURPLVLQJLQGLFDWLRQRIWKHVXLWDELOLW\RIWKHSURSRVHGPHWKRGLQ
WKLVUHVSHFWFRPSXWDWLRQDOH[SHULPHQWVXVLQJUDQGRPO\JHQHUDWHGUHSUHVHQWDWLYHWDVNVHWVZLOOEHXVHGWR
JLYH IXUWKHUHYLGHQFH LQWKLVUHVSHFW6SHFLILFDOO\ WKHFRPSHWLWLYHUDWLRDQGDQDO\VLVFRPSOH[LW\ZLOOEH
LQYHVWLJDWHG LQ PRUH GHSWK )LUVW WKH PHWKRGRORJ\ HPSOR\HG WR JHQHUDWH WKH WDVN SDUDPHWHUV DQG WKH
GHVLJQRIWKHH[SHULPHQWLVGHVFULEHG
7DVN3DUDPHWHU*HQHUDWLRQ([SHULPHQW'HVLJQ
,QGLYLGXDOWDVNVHWVZHUHUDQGRPO\JHQHUDWHGIRUWKHH[SHULPHQWVDQGLQHDFKFDVHWKHQXPEHURIWDVNVQ
ZDVYDULHG EHWZHHQ DQG LQPXOWLSOHV RI )RU HDFK YDOXH RIQ WKH WRWDO&38XWLOL]DWLRQ8¶ZDV
YDULHGEHWZHHQDQGLQPXOWLSOHVRIRUIRUWKHODVWVWHSDQGIRUHDFKFRPELQDWLRQRI
8¶DQGQ WKH IDXOW XWLOL]DWLRQ XI¶ ZDV YDULHG EHWZHHQ  DQG  LQ VWHSV RI 1H[W WKH LQGLYLGXDO
XWLOL]DWLRQDOORZHGIRUHDFKWDVNXLZDVJHQHUDWHGZLWKRXWELDVXVLQJWKH88QLIDVWDOJRULWKP>@VXFK
WKDWWKH&38XWLOL]DWLRQIRUDOOWDVNV8 8¶XI¶7KHLQGLYLGXDOWDVNSHULRGVLQWHUDUULYDOVSLZHUHWKHQ
XQLIRUPO\ VHOHFWHG IURP WKH LQWHUYDO > @ LQ PXOWLSOHV RI  DQG FRPSXWDWLRQ WLPHV FL ZHUH
FRPSXWHG XVLQJ FL   SLXL 1H[W UHODWLYH GHDGOLQHV GL ZHUH XQLIRUPO\ GUDZQ IURP WKH LQWHUYDO >SL
SL@ 7KH PLQLPXP IDXOW LQWHUDUULYDO ZDV FRPSXWHG DFFRUGLQJ WR SI   FPD[XI 1H[W WDVN VHWV ZHUH
JHQHUDWHGXVLQJWKLVSURFHGXUHDQGWKHQ ILOWHUHGXQWLOWDVNVHWV VDWLVI\LQJFRQGLWLRQV DQGKDG
EHHQREWDLQHGIRUHDFKFRPELQDWLRQRIQ8¶DQGXI¶JLYLQJDWRWDORIWDVNVHWVFRYHULQJDZLGH
UDQJHRISHULRGVUHODWLYHGHDGOLQHVXWLOL]DWLRQVFRPSXWDWLRQWLPHVDQGIDXOWDUULYDOUDWHV

  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\
)RU HDFKRI WKH JHQHUDWHG WDVN VHWV DPHDVXUHRI WKH FRPSHWLWLYH UDWLRRI WKH SURSRVHG WHFKQLTXHZDV
REWDLQHGE\DSSO\LQJDPRGLILHG77&VFKHGXODELOLW\WHVWGHVFULEHGLQ>@WRHDFKVHWRIWDVNVQRWHWKDW
WKHWHVWZDVPRGLILHGWR LQFOXGHD IDXOWERXQGLQJIXQFWLRQ FRQFHSWXDOO\ VLPLODU WR WRUHIOHFW WKDWD
IDLOHG WDVN LV LPPHGLDWHO\ UHLQVHUWHG LQWR WKH KHDGRI WKH),)2 TXHXHZKHQ XVLQJ WKH µWDVN JXDUGLDQ¶
WHFKQLTXH1RWHWKDWWRPD[LPL]HWKHFKDQFHRIVFKHGXODELOLW\µWLFNRYHUUXQV¶ZHUHDVVXPHGDOORZHGLQ
WKLVFDVHIRUUHDVRQVGLVFXVVHG LQ>@5HVXOWVDUHDOVRUHSRUWHGIRUWKHPHDVXUHRIFRPSHWLWLYHUDWLRRI
WKHSURSRVHGWHFKQLTXHZLWKWKHWHFKQLTXHGHVFULEHGE\0RVVH	0HOKDP>@XVLQJWKH/7+DOJRULWKP
ZLWKQS(')ZLWKWKHFDYHDWWKDWWKHUHVXOWVSUHVHQWHGPD\QRWEHIXOODFFXUDWHGXHWRWKHFRPSOH[LW\RI
WKHDQDO\VLV LQPRVWFDVHVWKH&38UXQQLQJWLPHZDVSURKLELWLYH,QVWHDGWKLVPHDVXUHZDVDFFXUDWHO\
HVWLPDWHGEDVHGRQDOLPLWHGUDQJHRIH[DPSOHVZLWKWUDFWDEOHUXQQLQJWLPH7RREWDLQIXUWKHULQVLJKWLQWR
DOJRULWKPFRPSOH[LW\DVFRPSDUHGWRRWKHUPHWKRGVWKHUDWLRRIWKHOHQJWKRI WKHWHVWLQJ LQWHUYDOWPD[
JLYHQ E\  ZLWK WKH GXUDWLRQ RI WKH V\QFKURQRXV ),)2 EXV\ SHULRG ZKLFK GHILQHV WKH QXPEHU RI
LWHUDWLRQV UHTXLUHG IRU WKH WHVW LQ >@ DQG DOVR ZLWK WKH OFP RI WKH WDVN SHULRGV DV WKLV GHILQHV WKH
FRPSOH[LW\RIWKHWHVWSURSRVHGLQ0RVVH	0HOKDP>@ LVDOVRPHDVXUHG7KHVHGDWDDUHUHSRUWHGDV
DYHUDJHFDVHYDOXHVDVWKHZRUVWFDVHYDOXHZDVDOZD\VDQGWKHEHVWFDVHHIIHFWLYHO\
5HVXOWVDQG2EVHUYDWLRQV
7KH UHVXOWV WKDWZHUH REWDLQHG IURP WKH H[SHULPHQW DUH DV VKRZQ LQ 7DEOH ,, ,Q WKH7DEOH UDWLRV DUH
H[SUHVVHGDVSHUFHQWDJHV)URPWKHVHGDWDLWFDQEHREVHUYHGWKDWRQO\RIWKHWDVNVHWVGHHPHG
VFKHGXODEOHE\WKHSURSRVHGWHFKQLTXHZHUHIRXQGWREHVFKHGXODEOHXVLQJWKHPRGLILHG77&VFKHGXOHU
7KLV SURYLGHV IXUWKHU TXDQWLILDEOH HYLGHQFH RI WKH GHJUHH RI VXERSWLPDOLW\ RI WKH 77& DSSURDFK DV
FRPSDUHG ZLWK WKH SURSRVHG DSSURDFK OHVV WKDQ D TXDUWHU RI WKH WDVN VHWV FRXOG EH VXFFHVVIXOO\
VFKHGXOHG1RWDVNVHWVZHUHVFKHGXODEOHZLWKWKHPRGLILHG77&VFKHGXOHUDQGQRWQS(')ZKLFKLVWR
EH H[SHFWHG JLYHQ WKH RSWLPDOLW\ RI WKH ODWWHU$PRQJ WKRVH WDVNVZKLFK FRXOG EH WHVWHG E\/7+ LQ D
UHDVRQDEOHWLPHQRQHZHUHIRXQGWKDWZHUHQRWDEOHWREHVFKHGXOHGJLYHQWKDWQS(')ZDVXVHGDVWKH
XQGHUO\LQJVFKHGXOLQJKHXULVWLFWKLVZDVDOVRQRWVXUSULVLQJ:KHQFRPSDULQJWKHWHVWLQWHUYDOOHQJWKVLW
FDQEHREVHUYHGWKDWDQUHGXFWLRQLQWKHQXPEHURIGHDGOLQHFKHFNVZDVUHTXLUHGIRUSURSRVHG
DSSURDFKXVLQJQS(')WKDQZLWKWKHPRGLILHG77&$PRUHUHYHDOLQJILJXUHLVWKHUDWLRREWDLQHGIRUWKH
/7+ RQ DYHUDJH OHVV WKDQ   RI WKH GHDGOLQH FKHFNV UHTXLUHG E\ /7+ ZHUH QHHGHG E\ WKH
SURSRVHGDSSURDFKZKLFKLVDVLJQLILFDQWLPSURYHPHQW1RWHWKDWVLQFHWKHOHQJWKRIWKHWHVWLQWHUYDO LQ
WKHRULJLQDO77&DSSURDFKDVGHVFULEHGLQ>@LVRILGHQWLFDOOHQJWKWR/7+WKLVDOVRJLYHVDQLQGLFDWLRQ
RIWKHLPSURYHPHQWLQSHUIRUPDQFHRYHUWKLVPHWKRG
  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\
7DEOH,,&RPSHWLWLYHUDWLRVDQGUHODWLYHWHVWLQJFRPSOH[LW\
Competitive Ratio Test Interval Length 
TTC LTH TTC LTH 
20.06 100.00 84.49 0.043 

,QRUGHUWR IXUWKHU LQYHVWLJDWHWKH VXERSWLPDOLW\ RI WKHPRGLILHG77&DSSURDFKDQG LQYHVWLJDWLRQZDV
PDGH RI WKH SDUDPHWHUV WKDW LQIOXHQFH WKH DFKLHYHG FRPSHWLWLYH UDWLR 7KH FRPSHWLWLYH UDWLR ZDV
FDOFXODWHGDVDSHUFHQWDJHIRUHDFKFRQILJXUDWLRQRIQXPEHURIWDVNVDQG&38XWLOL]DWLRQ8¶)LJXUH
VKRZVWKHREWDLQHGUDWLRVIRUWKHVHWZRLQGLFHV

)LJXUH&RPSHWLWLYHUDWLRDVDIXQFWLRQRIERWKWKHQXPEHURIWDVNVDQG&38XWLOL]DWLRQ
)URP WKH ILJXUH LW LV DSSDUHQW WKDW WKH FRPSHWLWLYH UDWLR YDULHV FRQVLGHUDEO\ ZLWK FKDQJHV WR WKHVH
SDUDPHWHUV7KHFRPSHWLWLYHUDWLRDSSURDFKHVZKHQWDVNVDUHSUHVHQWZLWKXWLOL]DWLRQ8¶ EXW
GHFUHDVHVWRLQDFORVHWR OLQHDUIDVKLRQDVWKH&38XWLOL]DWLRQLQFUHDVHV,QFUHDVLQJWKHQXPEHURI
WDVNVIRUDJLYHQ&38XWLOL]DWLRQOHDGVWRDGUDPDWLFH[SRQHQWLDOGURSLQWKHFRPSHWLWLYHUDWLR)RURU
PRUH WDVNV DQGXWLOL]DWLRQ RI RU JUHDWHU WKH FRPSHWLWLYH UDWLR UHPDLQHGEHORZ WKH OHYHO7KHVH
GDWD JLYH DGGLWLRQDO VXSSRUWLQJ HYLGHQFH WKDW WKH JRDO RI FUHDWLQJ D VLPSOH DQG IOH[LEOH DSSURDFK IRU
DGGLQJ IDXOW WROHUDQFH WR QS(') KDV EHHQ DFKLHYHG LQ WKDW WKH WHFKQLTXH KDV D JRRG FRPSHWLWLYH
VFKHGXOLQJUDWLRDQGFRPSDUDWLYHO\ORZDQDO\VLVFRPSOH[LW\
  
3DSHUUHVXEPLWWHGWR$SSOLHG&RPSXWLQJDQG,QIRUPDWLFV-XO\

&RQFOXVLRQVDQGIXUWKHUZRUN
1RQSUHHPSWLYHVFKHGXOLQJWHFKQLTXHVFDQSURYLGHDVLPSOHDQGDWWUDFWLYHRSWLRQIRUPHHWLQJUHDOWLPH
FRQVWUDLQWV LQ HPEHGGHG V\VWHPV ,Q WKLV SDSHU WKH IDXOWWROHUDQW QS(') VFKHGXOLQJ RI SHULRGLF DQG
VSRUDGLF WDVNVKDVEHHQVWXGLHG6FKHGXODELOLW\ DQDO\VLV WHFKQLTXHV IRU WDVNVHWVH[SHULHQFLQJERXQGHG
VSRUDGLFHUURUDUULYDOVKDYHEHHQGHYHORSHGDQGKDYHEHHQVKRZQWRSURYLGHDQHIILFLHQF\LPSURYHPHQW
RYHU SUHYLRXV PHWKRGV LQ WHUPV RI FRPSHWLWLYH UDWLR DQGRU DQDO\VLV FRPSOH[LW\ ,Q FRQFOXVLRQ WKH
SURSRVHG WHFKQLTXH PD\ EH RI LQWHUHVW WR GHYHORSHUV RI IDXOWWROHUDQW QRQSUHHPSWLYH HPEHGGHG
V\VWHPVZKLFKPD\ EH H[SRVHG WR LQWHUIHUHQFH DQG HUURUV )XUWKHUZRUNZLOO FRQFHQWUDWH XSRQ EHWWHU
FDWHJRUL]DWLRQVRIWKHIDXOWORDGWKHDSSOLFDWLRQRISUREDELOLVWLFVFKHGXODELOLW\JXDUDQWHHVDQGH[WHQVLRQV
WRPXOWLSURFHVVRUHQYLURQPHQWVH[WHQGLQJWHFKQLTXHVVXFKDVWKRVHSURSRVHGLQ>@

$FNQRZOHGJHPHQW
7KLVUHVHDUFKGLGQRWUHFHLYHDQ\VSHFLILFJUDQWIURPIXQGLQJDJHQFLHVLQWKHSXEOLFFRPPHUFLDORUQRW
IRUSURILWVHFWRUV7KHDXWKRUGHFODUHVQRFRQIOLFWVRILQWHUHVWUHJDUGLQJWKHSXEOLFDWLRQRIWKLVDUWLFOH

5HIHUHQFHV
>@ $EXJFKHP ) 6KRUW 0 	 ;X '  2Q WKH VXERSWLPDOLW\ RI QRQSUHHPSWLYH UHDOWLPH
VFKHGXOLQJ,((((PEHGGHG6\VWHPV/HWWHUV,6619RO1RSS
>@7KHNNLODNDWWLO$'REULQ53XQQHNNDW67KHOLPLWHGSUHHPSWLYHIHDVLELOLW\RIUHDOWLPH
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